Two strains of Rhizobium phaseoli, one of which (strain 1234) was resistant to high concentrations of streptomycin, were used to inoculate plots of French beans (Phaseolus vulgaris). Bacteria were isolated from nodules and typed using their intrinsic resistance to low concentrations of seven antibiotics. The inoculum strains were a minority of isolates from inoculated plots. The high concentration streptomycin resistance character was used in the case of strain 1234 to confirm the accuracy of identification. The resident population of R. phnseoli was shown to be heterogeneous; 54 different resistance patterns were recorded.
Isolates having the same intrinsic resistance pattern, with few exceptions, were uniform in their reaction with antiserum raised against one of the inoculum strains and in their colony morphology.
I N T R O D U C T I O N
In field inoculation experiments with Rhizobium it is important to be able to distinguish inoculum strains from any indigenous rhizobia and to recognize the different strains that are responsible for nodulation. Preferably, inoculum strains should be ' wild-type' and the technique used to identify them should be simple and rapid.
Serological techniques have been used extensively for Rhizobium strain identification (Vincent, 1941 (Vincent, , 1970 Purchase et al., 1951 ; Koonty & Faber, 1961 ; Skrdleta, 1965) . These techniques can be very sensitive (Means et al., 1964; Kishinevsky & Bar-Joseph, 1978) , and have been used to monitor the success of introduced strains (Read, 1953; Dudman & Brockwell, 1968) , and to demonstrate that natural populations of rhizobia may be heterogeneous (Hughes & Vincent, 1942; Purchase & Vincent, 1949; Purchase et al., 1951) . However, the use of serology is restricted by the limited number of serotypes, the extent of cross-reaction among rhizobia (Graham, 1963n) and by the fact that the preparation of strain-specific antiserum for a large number of strains is an unwieldy process.
The other main identification technique involves high concentration antibiotic resistance markers (Schwinghamer & Dudman, 1973) . This has the advantage of ease of isolation and recognition of inoculum strains from nodules and also from the soil. However, such genetic markers can alter symbiotic abilities compared with the wild-type (Pankhurst, 1977 ; Jones & Bromfield, 1978) . This technique also gives little information concerning the indigenous population of Rhizobiunz apart from the percentage of nodules which are not formed by the inoculum strain.
In the laboratory, Pinto et al. (19743 used natural resistance to kanamycin at 2 mg 1-1 and streptomycin at 1.5 mg 1-1 to distinguish strains of R. meliloti, and Graham (1963 b) showed that strains of several species of Rhizobium had varying resistances to low concentrations of a range of antibiotics. Mahler & Bezdicek (1978) showed that isolates from a natural population of R. leguminosarum exhibited variation in their responses to quite high concentrations of selected antibiotics.
We have exploited this natural variation in resistance to antibiotics to identify Rhizobiuin strains (Josey et al., 1979) . In this paper we describe the use of this technique to identify inoculum strains of R. phaseoli under field conditions and to distinguish a large number of indigenous strains of that species.
M E T H 0 D S
Strains. Strains 8115 and 1234 were used for inoculation. The former is a wild-type field isolate; the latter is a spontaneous str (resistant to 200 mg streptomycin I-I) mutant of Rothamsted Experimental Station strain 3644. Both these strains had been shown to induce nitrogen-fixing nodules on Phaseolus.
Media. All strains were grown on complete (TY) medium (Beringer, 1974 were removed from storage, surface-sterilized by exposure to sodium hypochlorite for 1 min (Beringer, 1974) , crushed and, after appropriate dilution, plated on TY agar. A single colony from each nodule was transferred to a small screw-capped vial containing 2 ml 20 % glycerol; these cultures were then stored at -17 "C. Stock cultures of the inoculum strains were included in every set of fingerprinting plates because, as noted by Josey et al. (1979) , a strain's fingerprint can vary with different cultural conditions but accurate strain identification can be obtained by reference to control cultures. Two series of tests were carried out. In the first, the isolates were tested in the order in which they were isolated. In the second, strains with the same or similar phenotypes were grouped and tested together and the two inoculum strains and two field isolates were used as reference cultures on each Petri dish. Field isolates having the same fingerprint were sorted by processing through a PDPl 1 /60 computer.
Strain identification. (i)
(ii) Serology. Antiserum was raised against strain 1234 grown on TY slants. The antigen was prepared as described by Vincent (1970) but the bacteria were killed by adding formol-saline [0.3 % (v/v) formalin in 0.85 % (w/v) saline] in the first two of three washes; the final wash and resuspension after centrifugation was in 0.85 % (w/v) saline. Two rabbits were each injected with approximately 1 ml of bacterial suspension every 2 or 3 d and both rabbits were bled after 17 d. Injections were intramuscular and subcutaneous. Agglutination tests were carried out in 0.5 ml Dreyer tubes with antiserum from one rabbit at final concentrations of 1/100 and 1/800 and from the other rabbit at 1/100 and 1/400. Agglutination tests were carried out with all the nodule isolates and compared with saline controls. All tubes were incubated overnight at 37 "C before scoring. 
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R E S U L T S
Plants sampled from all four treatments were nodulated. Mean fresh nodule weight was markedly lower (at the 5 yo significance level) in the nitrogen-treated plots (0-09 g per plant)
than in the uninoculated control (0.6 g per plant) or the plots inoculated with strain 1234 (0.57 g per plant) or strain 81 15 (0.50 g per plant). Patterns of resistance were established for 259 nodule isolates, 31 of which had unique fingerprints. Twenty-five other fingerprints were recorded which were represented by more than one field isolate. Those fingerprints which occurred more than once are shown in Table 1 . Some strains showed variability for resistance to certain antibiotics, e.g. strain 8 1 15 gave both sensitive and resistant results for nalidixic acid at 5 mg 1-1 and polymyxin sulphate at 10 mg 1-l.
All nodule isolates were tested for their resistance to streptomycin at 200 mg 1-I; only those recognized as strain 1234 by fingerprinting were resistant. In addirion to the antibiotic resistance, two other phenotypes were scored, namely, reaction with antisera raised against strain 1234 and colony morphology. Table 2 shows that the great majority of members of a particular group were the same with respect to these two phenotypes, but there were a few exceptions.
The indigenous field isolates forming a particular group were distributed through all four experimental treatments. Only seven isolates were identified as strain 1234 and these all came from plots inoculated with strain 1234. Thirteen isolates were identified as strain 8 11 5, but five of these were from plots other than those inoculated with strain 8 1 15. A representative of each of the five major groups (as determined by fingerprinting) was inoculated on to beans and peas under axenic culture conditions (Beringer, 1974) ; they all nodulated beans but not peas.
U l S C U S S I O N
The variation in intrinsic resistance of R. phaseoli enabled us to identify inoculum strains and to distinguish a range of strains present in an indigenous population. The results presented here demonstrate the validity of this technique.
Strains 1234 and 81 15 when re-isolated from nodules could be identified by fingerprinting although they represented only 10 yo and 15 Yo, respectively, of the isolates from the plots to which they were inoculated. Isolates identified as strain 81 15 from plots not inoculated with this strain could have arisen by inadvertent contamination with strain 8115 or by the presence of an indigenous strain with the same fingerprint. It appears that there were many strains of R. phaseoli present in the small area of the field trial. Fingerprinting showed the indigenous population to be heterogeneous, giving 56 different fingerprints, 25 of which occurred more than once. The technique also showed that one strain was the most common nodule-forming bacterium, i.e. bacteria giving fingerprint 1 (Table 1) were found in a third of the nodules examined. However, this technique does not give an indication of the size of the population of rhizobia in the soil having this fingerprint pattern since it is only testing that proportion of the population which was able to form nodules on the host plant; less competitive or non-nodulating rhizobia are therefore excluded from the sample. Several authors (Hughes & Vincent, 1942; Purchase, 1948; Purchase el al., 1951) have used serological techniques to analyse natural populations of Rfzizobiuun in nodules ; they also found substantial heterogeneity among isoIates from the same locality.
The validity of the technique was demonstrated by testing the field isolates for resistance to high concentrations of streptomycin, colony morphology and reaction with antisera raised against strain 1234. When a number of isolates were classified as being in the same group by their antibiotic resistance pattern the great majority of them shared the same characteristics with regard to colony morphology and serotype. All isolates identified as strain 1234 by fingerprinting were also str and no other isolates were resistant to the same high concentration of streptomycin. The fact that the groups could be subdivided on the basis of colony morphology and serotype emphasizes that fingerprinting provided a minimum estimate of the number of strains. This is also indicated by the fact that more than half the fingerprints occurred only once.
Other experiments have shown (unpublished results) that strain 81 15 has a variable fingerprint. The results for nalidixic acid at 5 mg 1-1 and polymyxin sulphate at 10 mg 1-I are variable and hence the chances of finding natural strains having the same fingerprint in uninoculated plots or those inoculated with strain 8 11 5 are increased. This emphasizes that before using a strain as inoculum it is important to check that it has a stable and distinct fingerprint with the range of antibiotics used. Although the fingerprint of strain 8115 was very similar to that of strain 1234, the isolates giving this particular resistance pattern could still be distinguished by their colony morphology and response to high concentrations of streptomycin. Thus, other strain characteristics can be used to clarify ambiguities in fingerprinting.
In the UK, nodulation of P. vulgaris occurs sporadically (Gane et al., 1975) and since beans had not been grown in the field used for the trial for 5 years, it was surprising to find that the plants were so well nodulated. In addition we have shown, using the fingerprinting technique, that this was not caused by a single strain but by a heterogeneous population of R. phdseoli.
